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Abstract
Objective: We investigated the effects of dietary intervention with canola or olive oil in comparison with commonly used
refined oil in Asian Indians with nonalcoholic fatty liver disease (NAFLD).
Subjects and Methods: This was a 6-month intervention study including 93 males with NAFLD, matched for age and body
mass index (BMI). Subjects were randomized into three groups to receive olive oil (n = 30), canola oil (n = 33), and commonly
used soyabean/safflower oil (control; n = 30) as cooking medium (not exceeding 20 g/day) along with counseling for therapeutic lifestyle changes. The BMI, fasting blood glucose (FBG) and insulin levels, lipids, homeostasis model of assessment for
insulin resistance (HOMA-IR), HOMA denoting b-cell function (HOMA-bCF), and disposition index (DI) were measured
at pre- and post-intervention. Data were analyzed with one-way analysis of variance (ANOVA) and Tukey’s Honestly
Significant Difference multiple comparison test procedures.
Results: Olive oil intervention led to a significant decrease in weight and BMI (ANOVA, P = 0.01) compared with the control
oil group. In a comparison of olive and canola oil, a significant decrease in fasting insulin level, HOMA-IR, HOMA-bCF, and
DI (P < 0.001) was observed in the olive oil group. Pre- and post-intervention analysis revealed a significant increase in highdensity lipoprotein level (P = 0.004) in the olive oil group and a significant decrease in FBG (P = 0.03) and triglyceride (P = 0.02)
levels in the canola oil group. The pre- and post-intervention difference in liver span was significant only in the olive (1.14 – 2
cm; P < 0.05) and canola (0.66 – 0.33 cm; P < 0.05) oil groups. In the olive and canola oil groups, post-intervention grading of
fatty liver was reduced significantly (grade I, from 73.3% to 23.3% and from 60.5% to 20%, respectively [P < 0.01]; grade II,
from 20% to 10% and from 33.4% to 3.3%, respectively [P < 0.01]; and grade III, from 6.7% to none and from 6.1% to none,
respectively). In contrast, in the control oil group no significant change was observed.
Conclusions: Results suggest significant improvements in grading of fatty liver, liver span, measures of insulin resistance,
and lipids with use of canola and olive oil compared with control oils in Asian Indians with NAFLD.
Introduction

N

onalcoholic fatty liver disease (NAFLD) is believed to be an integral part of the metabolic syndrome,
which comprises a cluster of abnormalities (abdominal obesity, dysglycemia, dyslipidemia, hypertension, procoagulant

tendency, etc.) with insulin resistance as a central pathogenic
factor. It is important that insulin resistance is independently correlated with NAFLD regardless of adiposity.1–4 The
prevalence of insulin resistance in Asian Indians residing in
India ranges from approximately 7% to 55%.5–7 Data show
that about one-third of the urban population in large cities in
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India has the metabolic syndrome.3,7–9 Because insulin resistance and the metabolic syndrome are widely prevalent in
Asian Indians, it is reasonable to assume that NAFLD would
also be prevalent; however, data are scarce. Limited numbers
of studies suggest prevalence of NAFLD in the range of approximately 6–32% in urban India.10,11
Selected dietary factors like high fats and sucrose have been
shown to contribute to hepatic steatosis in experimental
animals.12 It is likely that an excess of the above-mentioned
dietary factors may play an important part in the pathophysiology of NAFLD in humans as well. The contribution of
intake of carbohydrates, saturated fatty acids, trans fatty acids, and n-6 polyunsaturated fatty acids (PUFAs), along
with monounsaturated fatty acids (MUFAs) and fiber, in the
development of fatty liver in Asian Indians has not been
researched.
Many therapeutic agents have been tried for management
of NAFLD; however, effective treatment is still unavailable.
Furthermore, there is a paucity of data regarding dietary intervention in NAFLD.
We hypothesized that the dietary intervention with either
canola oil (high MUFAs [61%], saturated fatty acid [7%], and
balanced ratio [nearly 2:1] of n-6 [21%]/n-3 PUFAs [11%]) or
olive pomace oil (high MUFAs [70%], saturated fatty acid
[15%], and n-6 (9%)/n-3 PUFAs (1%)] would be effective in
improving fatty liver in NAFLD subjects compared with other
refined oils commonly used in India.
Subjects and Methods
This study was conducted in New Delhi, India (North India) from May 2007 to December 2009 after approval from the
institutional ethics committee. All subjects gave written informed consent. Subjects were recruited from the outpatient
department of Fortis Hospital, New Delhi. Subjects with significant alcohol intake ( > 20 g/day), type 2 diabetes mellitus,
cardiovascular disease, presence of other liver diseases (alcoholic liver disease, viral hepatitis, autoimmune hepatitis,
primary biliary cirrhosis, biliary obstruction, drug-induced
liver damage, etc.), severe end-stage organ damage, human
immunodeficiency virus infection, and pregnancy or lactation
were excluded from the study. A detailed history (demographic and social economic profiles, history of smoking, and
alcohol intake and physical activity patterns) and family history (type 2 diabetes mellitus, overweight, hypertension, liver
disease, and cardiovascular disease) were obtained.
Study design and intervention
The study had a randomized, parallel, open-label design.
The sample size has been calculated by using a previous animal study,13 which showed the improvement of 37% in liver
histology after taking olive oil. We assumed that intake of
20 mL/day of olive or canola oil will lead to a 20% improvement in human subjects. To determine the change in outcome
with an a error of 5%, 90% power, and 10% dropouts, the
effective sample size was 30 in each group. The duration of
the intervention was 6 months after completion of a 1-month
diet and exercise run-in period.
Subjects were matched for age (37.2 – 6.2, 38.0 – 6.4, and
36.2 – 7.1 years, respectively; analysis of variance [ANOVA],
P = 0.84) and body mass index (BMI) (27.2 – 2.3, 27.4 – 5.7, and
27.4 – 2.7 kg/m2, respectively; ANOVA, P = 0.13) to eliminate
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the confounding effect of age and BMI. In total, 93 subjects were enrolled who ranged in age from 20 to 50 years.
Subjects were randomly allocated into one of three groups by
computer-generated number to receive canola oil (from
Canada; Hudson Canola Oil; Dalmia Continental Pvt. Ltd.,
New Delhi), olive oil (Leonardo Olive Pomace Oil; Dalmia
Continental Pvt. Ltd., New Delhi), or commonly used refined
oil (composed of 12–16% saturated fatty acids, 15–24% MUFAs, and 50–60% PUFAs) such as soybean or safflower
(control oil group) (n-6:n-3 ratio of 7:1 for soya oil and > 100
for safflower oil) (other than canola oil/olive oil/other oils
having a high content of MUFAs) as a cooking medium (not
exceeding 20 g/day) for 6 months.
Counseling for therapeutic lifestyle changes was given
during the 1-month diet and exercise run-in period and the
6-month intervention, according to the subject’s height,
weight, and physical activity level. The daily energy intake
advised was 15–21% protein (1–1.5 g/kg of desirable body
weight), 55–70% carbohydrates, and 20% fats. A 40–45-min
brisk walk daily was recommended for all participants. This
was done to engage all the recruited subjects in the standard
diet and exercise regimen before the start of the study. At this
time, each patient’s compliance was also ascertained. The
baseline of anthropometry, biochemistry, and liver ultrasound was done after the 30-day run-in period and compared
with post-intervention data. A standardized food frequency
questionnaire and 24-h recall were used to gather the data on
dietary intake.14 The participants were provided with a diary
to record 3 days of dietary intake (2 weekdays and 1 weekend day). The subject’s spouse was also interviewed regarding participants’ usual dietary intake pattern at home
and when eating out. Particular care was taken to note consumption of dietary fats and alcohol. Biweekly telephone
calls and monthly personal interviews were scheduled
throughout the study to allow the opportunity to discuss any
difficulties in preparation of diet and in compliance. To ensure compliance, an additional 500 mL of oil for the family
and a measuring spoon were provided free of cost to all
subjects, with advice about the similar amount of oil they
should consume. On average, each subject was counseled for
30 min during each visit. It was ensured that all participants
received standardized advice about diet, exercise, and other
lifestyle factors; the only advice that was different was that
for the type of oil.
One subject in the canola oil group was withdrawn owing
to noncompliance with the prescribed diet and exercise for
2 weeks, and two participants from the same group were
excluded because of their relocation to another city.
Measurements
Weight, height, waist circumference, and blood pressure
were evaluated as described previously.10 BMI and waist–hip
ratio were calculated. Estimations for fasting blood glucose
(FBG), total cholesterol, serum triglycerides, high-density lipoprotein cholesterol, aspartate aminotransferase, alanine
aminotransferase, and serum insulin were done as previously
described.10 The lower limit of detection of the insulin assay
was 0.01 lU/mL, and the reference range was 2.1–22 lU/mL.
The intra- and inter-assay percentage variations were 1.95%
and 2.23%, respectively. Insulin resistance was measured by
two surrogate measures: fasting insulin and homeostasis
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model assessment for insulin resistance (HOMA-IR). The
value of HOMA-IR was calculated by the following equation:
(fasting insulin [in lU/mL] · fasting glucose [in mmol/L])/
22.5. The value of HOMA denoting b-cell function was termed
HOMA-bCF and was calculated as (20 · fasting plasma insulin [in mIU/mL])/(fasting plasma glucose [in mmol/L] –
3.5).15 The disposition index (DI) provides a measure of b-cell
function adjusted for insulin sensitivity and was calculated as
insulin sensitivity (22.5/fasting insulin [in mU/mL] · fasting
glucose [in mmol/L)] · HOMA-bCF.16
Ultrasound imaging of liver
Liver ultrasound was carried out using a 3.5-MHz curvilinear probe (model G 60 S 2004; Siemens, Munich, Germany)
by a trained radiologist with postgraduate qualifications, who
followed the standardized procedure. A complete examination required both subcostal and intercostal scanning. The
definition of fatty liver was based on a comparative assessment of image brightness relative to the kidneys, according
to previously reported diagnostic criteria.17–19 Severity of
fatty liver was classified according to the brightness compared with the kidneys, blurring of the gallbladder wall, and
attenuation of hepatic veins. Liver span was measured in the
midclavicular line by marking the upper and lower limits of
the liver using the ultrasonic probe. The radiologist performing the ultrasound was blinded to the clinical data.
Statistical analysis
Results were presented as mean – SD and median (minimum–maximum) values. The normality of distribution of each
variable was tested, and transformed data were used when
necessary. For intergroup comparison one-way ANOVA/
Kruskal–Wallis test was applied, and post hoc or multiple
comparison was done by paired t test/Wilcoxon rank-sum
(Mann–Whitney U) test and Wilcoxon signed-rank test as applicable. A value of P < 0.05 was considered statistically significant. Various statistical measures were evaluated using
SPSS version 11 for Windows software (SPSS, Inc., Chicago, IL).
Results
Baseline characteristics
Participants (all males) in the olive oil (n = 30), canola oil
(n = 33), and control oil (n = 30) groups were matched for
age (37.2 – 6.2, 38.0 – 6.4, and 36.2 – 7.1 years, respectively;
ANOVA, P = 0.84) and BMI (27.2 – 2.3, 27.4 – 5.7, and 27.4 –
2.7 kg/m2, respectively; ANOVA, P = 0.13). One-way ANOVA
performed on baseline (pre-intervention) anthropometric
(BMI), clinical, biochemical (fasting insulin, HOMA for insulin
resistance [HOMA-IR], and HOMA-bCF), and ultrasonographic (liver span) data of the participants revealed no
significant differences among the groups (Table 1). Furthermore, the dietary intake and physical activity, both pre- and
post-intervention, were similar in the three groups (Table 2).
Participants in the three groups adhered to the prescribed
therapeutic life changes.
Post-intervention Analysis
a. Intergroup. Post-intervention weight and BMI (ANOVA, P = 0.01) of the olive oil group were significantly de-
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creased from values for the control oil group, whereas there
was no significant difference found between the other groups
by Tukey’s Highly Significant Difference test (Table 1). In the
olive and canola oil groups, interventions lead to significant
improvement in fasting insulin, HOMA-IR, HOMA-bCF, and
DI values (P < 0.001) compared with the control oil group
(Table 1). Between the olive and canola oil groups, a significant decrease in fasting insulin, HOMA-IR, HOMA-bCF, and
DI (P < 0.001) was observed in the olive oil group (Table 1).
Post-intervention, there was a nonsignificant reduction in alanine aminotransferase and aspartate aminotransferase enzyme activities in the three groups.
b. Intragroup. Intragroup analysis revealed significant
changes in weight (P = 0.01), BMI (P = 0.01), fasting insulin
(P = 0.001), HOMA-IR (P = 0.001), HOMA-bCF (P = 0.03), DI
(P = 0.004), triglycerides (P = 0.004), and high-density lipoprotein cholesterol (P = 0.03) levels in the olive oil group. FBG
(P = 0.03), fasting insulin (P = 0.001), HOMA-IR (P = 0.001),
HOMA-bCF (P = 0.03), DI (P = 0.004), and triglycerides
(P = 0.004) levels in the canola oil group also showed significant change (Table 1).
Liver span and grading of fatty liver
The pre- and post-intervention difference in liver span was
significant in the olive (1.14 – 2 cm; P < 0.006) and canola
(0.66 – 0.33 cm; P < 0.002) oil groups. In these groups, postintervention grading of fatty liver was reduced significantly:
grade I, from 73.3% to 23.3% and 60.5% to 20%, respectively
(P < 0.01); grade II, from 20% to 10% and 33.4% to 3.3%, respectively (P < 0.01); and grade III, from 6.7% to none and
6.1% to none, respectively. In contrast, in the control oil group
no significant change was observed. Most important is that
66.7% and 76.7% of the participants in the olive and canola oil
groups, respectively, reverted to normal liver grading after
intervention (Table 3).
Discussion
The effect of consumption of cooking oil having a high
concentration of MUFAs and a balanced ratio of n-6/n-3
PUFAs on NAFLD has not been previously investigated in Asian Indians. In the current study we showed
that intervention with olive and canola oils as a cooking
medium was effective in reducing the liver span and
grade of fatty infiltration in addition to improving insulin
sensitivity.
Previously, Folsom et al.20 showed that a MUFA-rich diet
improved insulin sensitivity, as indicated by lower HOMA-IR
values post-intervention, compared with carbohydrate-rich
and high-saturated fat diets. The present study has also
shown improvement in insulin sensitivity in NAFLD participants using high-MUFA oil compared with the control oil
group. The mechanism could be improvement of postprandial triglycerides and glucagon-like peptide-1 responses in
insulin-resistant participants and up-regulation of glucose
transporter-2 expression in the liver.21
Furthermore, Garg22 showed that MUFA-rich diets compared with high-carbohydrate diets lowered levels of plasma
triacylglycerol (19%), total cholesterol (3%), and very
low-density lipoprotein cholesterol (22%) and increased the
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Table 1. Comparison of Anthropometric, Biochemical, and Hepatic Profiles,
Pre- and Post-Intervention, Among the Three Intervention Groups
Group

Variable

Olive oil

Weight (kg)
Pre-intervention
77.8 – 7.9
Post-intervention
72.8 – 7.5a
P value*
0.01
Body mass index (kg/m2)
Pre-intervention
27.3 – 2.4
Post-intervention
25.6 – 2.3a
P value*
0.01
Waist circumference (cm)
Pre-intervention
93.6 – 6.0
Post-intervention
90.7 – 5.1
P value*
NS
Fasting blood glucose (mg/dL)
Pre-intervention
93.5 – 12.6
Post-intervention
89.6 – 12.2
P value*
NS
Fasting insulin (lU/mL)
Pre-intervention
8.1 – 2
Post-intervention
3.0 – 1.8ac
P value*
0.001
HOMA-IR
Pre-intervention
2.2 – 2.2
Post-intervention
0.7 – 1.8bc
P value*
0.001
HOMA-bCF
Pre-intervention
29.9 – 2.7
Post-intervention
7.3 – 2.4ac
P value*
0.03
Disposition index
Pre-intervention
5.9 – 0.18
Post-intervention
3.1 – 1.9ac
P value*
0.004
HDL-C (mg/dL)
Pre-intervention
37.9 – 4.4
Post-intervention
41.2 – 4.6
P value*
0.03
Triglycerides (mg/dL)
Pre-intervention
181.1 – 82.4
Post-intervention
170.3 – 58.3
P value*
0.004
Liver span (cm)
Pre-intervention
14.3 – 1.3
Post-intervention
13.8 – 1.2b
P value*
0.006
AST (U/L)
Pre-intervention
35.8 – 21.8
Post-intervention
33.2 – 4.6
P value*
NS
ALT (U/L)
Pre-intervention
39.8 – 19.9
Post-intervention
38.1 – 11.3
P value*
NS

Canola oil

Control oil

ANOVA P value

81.5 – 9.2
77.3 – 8.9
NS

79.8 – 9.1
78.2 – 8.3a
NS

0.23
0.02

27.4 – 5.7
26.9 – 2.8
NS

27.4 – 2.7
27.4 – 2.5a
NS

0.13
0.03

95.2 – 8.6
92.9 – 8.1
NS

93.9 – 7.6
91.9 – 6.7
NS

0.45
0.29

91.9 – 13.7
84.0 – 11.9
0.03

88.6 – 11.9
88.5 – 10.6
NS

0.24
0.13

9.9 – 1.8
4.9 – 2.0ab
0.001

12.1 – 1.8
11.0 – 1.8bc
NS

0.25
0.004

2.4 – 2.0
1.1 – 2.0ab
0.001

2.4 – 1.8
2.2 – 1.8bc
NS

0.21
0.004

49. – 2
36.5 – 1.8bc
NS

0.21
0.003

5.9 – 0.11
6.8 – 1.2bc
NS

0.23
0.003

36.5 – 0.7
18.1 – 0.8
0.03ab
5.9 – 0.08
5.2 – 1.9ab
0.004
39.6 – 5.5
40.5 – 5.8
NS
186.6 – 82
154.6 – 48.7
0.004

39.3 – 5.12
35.0 – 5.5
NS

0.39
0.61

183.8 – 100
182.1 – 105
NS

0.97
0.50

14.3 – 1.4
13.3 – 1. 5a
0.002

15.0 – 1.9
1.8 – 1.9ab
NS

0.14
0.001

33.1 – 13.8
29 – 6.2
NS

31.7 – 8.9
31.2 – 13.3
NS

0.14
0.18

33.9 – 3.2
31.5 – 6.2
NS

34.7 – 8.9
34 – 18.1
NS

0.20
0.11

Data are mean – SD values. The control oil group included commonly used refined oils such as soybean or safflower.
ab
Means sharing a common superscript letter are significantly different at P < 0.05 based on Tukey’s Highly Significant Difference multiple
comparison tests following a significant one-way analysis of variance (ANOVA).
*P value for the results of a paired t test between pre- and post-intervention.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; HDL-C, high-density lipoprotein cholesterol; HOMA-bCF, homeostasis
model assessment for b-cell function; HOMA-IR, homeostasis model assessment for insulin resistance; NS, not significant.
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Table 2. Comparison of Macronutrient Intake, Pre- and Post-Intervention,
Among the Three Intervention Groups
Group
Variable
Carbohydrate (ln) (g)
Pre-intervention
Post-intervention
P value*
Protein (ln) (g)
Pre-intervention
Post-intervention
P value*
Total fat (ln) (g)
Pre-intervention
Post-intervention
P value*
Total energy (ln) (Kcal)
Pre-intervention
Post-intervention
P value*

Olive oil

Canola oil

Control oil

ANOVA P value

5.2 – 0.3
5.0 – 0.3
NS

5.2 – 0.4
5.0 – 0.2
NS

5.2 – 0.4
5.1 – 0.3
NS

0.90
0.20

3.9 – 0.4
3.7 – 0.2
NS

3.8 – 0.4
3.7 – 0.2
NS

3.9 – 0.5
3.8 – 0.3
NS

0.50
0.36

4.7 – 0.7
4.3 – 0.3
NS

4.6 – 0.3
4.4 – 0.3
NS

4.7 – 0.3
4.3 – 0.3
NS

0.18
0.53

7.6 – 0.2
7.3 – 0.2
NS

7.5 – 0.2
7.3 – 0.2
NS

7.6 – 0.26
7.3 – 0.2
NS

0.32
0.64

Data are mean – SD values. The control oil group included commonly used refined oils such as soybean or safflower.
*P value for the results of a paired t test between pre- and post-intervention.
ln, log natural; NS, not significant.

high-density lipoprotein cholesterol level (4%), although
low-density lipoprotein cholesterol did not differ significantly. The findings of present study are in line with the
only other study that has shown the role of MUFAs in reduction of triglyceride accumulation in the liver in experimental animals.13 Our observations are important in light of
the information that intake of n-PUFAs also has been shown
to reduce hepatic triglyceride levels in experimental human
studies.23–25 Mechanisms of action of MUFAs and n-3 PUFA
in amelioration of hepatic triglyceride accumulation is not
clearly known. MUFAs decrease insulin resistance, triglyceride by increasing fatty acid oxidation through activation
of peroxisome proliferator-activated receptor alpha or by
reducing the activation of sterol regulatory element binding
protein and inhibiting lipogenesis.26 On the other hand, n-3
PUFAs suppress lipogenic enzymes such as fatty acid synthase and stearoyl-coenzyme A desaturase 1 mediated by
reduction of the level of mature sterol regulatory element
binding protein-1 protein in the liver, thus may reduce
hepatic triglyceride storage.27
As previously stated, the effect of MUFAs on NAFLD has
been investigated only in animals,13 whereas the effect of n-3

PUFAs on NAFLD has been investigated in two uncontrolled
trials in humans.23,24 However, in our study, the change in
liver span was small after the intervention, and a larger
change would have been more clinically significant. Furthermore, it is possible that values of hepatic transaminases and
liver span could be significantly better after a longer duration
of intervention.
We acknowledge the limitations of allowing participants to
make their own food choices and our use of patient-reported
data to analyze dietary intake. Our study was modeled on the
idea of practicality and feasibility when implementing treatments that impact lifestyle modification. Another limitation of
this study was that the diagnosis of NAFLD was based on
liver ultrasonography. It has been argued that other methods
(magnetic resonance spectroscopy and liver biopsy) are better
tools for defining NAFLD and could be considered as ‘‘gold
standards.’’ Conversely, ultrasonography is by far the most
common method of diagnosing NAFLD in clinical practice
and has a fair sensitivity (87%) and specificity (94%) in detecting hepatic steatosis.28 It is simple to perform, noninvasive, and cost-effective and does not entail any radiation
hazard and could also be used in epidemiological studies.

Table 3. Pre- and Post-Intervention Grading of Fatty Liver
Pre-intervention
Variable
Grade I
Grade II
Grade III
Normal

Post-intervention

Olive oil (n = 30) Canola oil (n = 33) Control oil (n = 30) Olive oil (n = 30) Canola oil (n = 30) Control oil (n = 30)
22 (73.3)
6 (20)
2 (6.7)
—

20 (60.5)
11 (33.4)
2 (6.1)
—

17 (58.62)
9 (31.3)
4 (10.3)
—

7 (23.3)
3 (10)a
—
20 (66.7)a

9 (20)
1 (3.3)a
—
20 (76.7)a

19 (63.3)
8 (26.7)
—
3 (10)

Data are number (%). No significant differences were observed among the groups at the pre-intervention stage. The control oil group
received for cooking commonly used refined oils such as soybean or safflower.
a
Significant difference (P < 0.01) compared with the control oil group using t test.
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This is the first oil-based dietary intervention study done on
Asian Indians with NAFLD.
In conclusion, the results of this 6-month randomized intervention trial provide evidence that use of olive and canola
oils (rich in MUFAs and having a balanced n-6/n-3 PUFAs
ratio) as a cooking medium resulted in a significant reduction
in fatty liver severity and liver span in NAFLD. Improvement
of fatty liver was accompanied by amelioration in insulin
resistance and dyslipidemia. All together, these beneficial
changes may also decrease the risk for developing type 2
diabetes mellitus and cardiovascular disease in Asian Indians
predisposed to develop these diseases.
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